INTRODUCTION
The value of incorporating more than first lactation records is an important consideration in implementation of sire evaluation by Best Linear Unbiased Prediction (BLUP) procedures. Computing costs are increased considerably by incorporation of later lactation records. Acceptance of a procedure for sire evaluation by scientists, educators, and producers is influenced by the use of or omission of later lactation records. Perhaps most importantly, the accuracy of evaluations may be increased or decreased by addition of later lactation records. Considering later lactation records, environmental correlation, or natural service (NS) sires adds considerably to the complexity of computing evaluations as compared to use of first lactation records on daughters sired artificially (AI).
Henderson (4) stated that whenever feasible the way to compare alternative procedures of sire evaluation is by some analytical method. Henderson (1, 2) discussed several criteria appropriate for genetic evaluation including maximizing the probability of correct pairwise ranking and maximizing the mean of a selected group. However, with present statistical knowledge, a workable and yet meaningful criterion is minimum mean squared error, with expectation over all random effects in the model, including the genetic effects to be predicted as well as residual effects.
Mean squared error is the sum of bias squared and error variance of prediction. In problems of mixed models with unknown means it is difficult, if not impossible, to minimize the mean squared error. An alternative is to restrict consideration to unbiased proce-1979 J Dairy Sci 62:603--612 603 dures where minimum squared error is equivalent to minimum prediction error variance. Under assumptions of the specified model, BLUP procedures do minimize prediction error variance. If the assumptions are violated, error variances may be increased or bias may be introduced (3, 4) . The merit of incorporating all lactation records can be considered in terms of error variance of prediction and bias. Since first lactation records are a subset of all lactation records, error variances of prediction will be smaller when all records are used. However, bias may result from inclusion of later records. Incorrect age-season factors could cause bias if all lactation records are used, because sires differ in the proportion of first lactation records. Culling of cows based on their records also will cause bias if variance components are incorrect (3) .
Thus, mean squared error may increase or decrease depending on the amount that bias is increased and error variance is decreased when the additional records are included.
The primary purpose of this study was to compare error variances of prediction that may be encountered in sire evaluations from using first as compared to all lactation records. These error variances are a function of the design, e.g., distribution of sires across herd-year-seasons, but are not influenced by the actual production records. Thus, field data need be used only to determine representative designs for comparison of error variances of prediction for first vs. all lactation procedures under the assumption that first and later records are measures of the same trait. The variance ratios 8.33, 3.57, and 1.67 were suggested by Norman (6) because they correspond to b 2 of .24, c 2 of .14, and intracow repeatability of .50.
Data from the New York Dairy Records Processing Laboratory (DRPL) were used. Up to 10 lactations were accepted on cows that had a first lactation record in the same herd. The data set included records normally used for AI sire evaluation plus records on daughters of NS sires. The A! and NS sires were assigned to separate groups as by DRPL. Records of Ayrshires, Guernseys, Jerseys, and Brown Swiss were studied. The data set for Holsteins was too large to make the calculations needed for the comparisons.
The computing procedures for best linear unbiased prediction for the model are described in (8) . The sire evaluation is defined as gi + 'sij"
After absorption of equations for cows, sire-by-herd, herd-year-season, and NS sire, group and AI sire equations are represented in matrix notation as:
METHODS
The model with sire-by-herd interaction was used as in (8, 9) . Briefly: [1] where ~ is a vector containing group solutions and the Lagrange multiplier and ~ is the vector of sire solutions.
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where:
y is an age-season adjusted record, g is a fixed effect of sire group, s is a random effect of sire within group
Variance of Prediction Errors
Prediction error variances can be obtained from the inverse of the coefficient matrix of the equations after absorption [2l (3) . 
[31
The inverse in most practical situations is difficult, if not impossible, to calculate by direct inversion techniques because of/imitations on core storage. Therefore, an iterative procedure was used as described in (8, 9) .
RESULTS AND DISCUSSION
Two evaluations of sires were made; the first allowed up to 10 lactation records per cow, and the second allowed only first lactation records. Table 1 shows the counts including number of records, daughters, sires, and herds. The herd count is actually herds-not herd-year-seasons. The average of 2.5 lactations per cow is about one lactation less than the average life in the herd. This is probably due in part to the requirement that the first lactation record must be recorded in the same herd for records to be considered. Also, some cows did not have an opportunity to complete all their lactations before the herd went off test or before the data were cut off for analysis.
Inverse elements of the coefficient matrix were obtained by iteration after cow, sire-byherd, NS sire, and herd-year-season equations were absorbed. Inverse elements give the error variances and covariances of prediction of the sire and group effect when multiplied by an 2 Sire evaluation is (gi + sij)" appropriate 0 e .
From equation [ 3 ] :
The summary of inverse elements for Guernseys in Table 2 shows the relative contribution of variances of group and sire solutions and their covariances to error variances of evaluation. These elements are summarized by giving average values for AI sires that fall into various categories based on the number of daughters.
The major contribution to the variance is the variance of the (~-s). The variance of ~ is less than one-fifth the variance for prediction errors with 20 to 50 daughters. The covariance is negative, and twice the covariance nearly cancels the contribution of the group variance. The pattem was similar for Ayrshires, Jerseys, and Brown Swiss (not shown). 
First lactations All lactations
Number of daughters asee equations [3] , [4] , [51, [6] , and [7] in text for definitions of column headings.
Prediction Errors of Group Solutions
Standard errors of solutions for group effects are square roots of the variances described in [4] . The value of o e was not obtained directly from this study. Relative values of standard errors are the primary interest in this study and are invariant to the value of 0 e since 0 e provides only a scaling factor. To put the standard errors on a scale that is reasonably appropriate for the breeds represented, o e = 680 kg was chosen.
Standard errors of group solutions are in Table 3 through 6. Groups were set up to have a minimum of 10 sires per group. The AI groups were based on the AI stud and the year the sire entered service. Years and/or studs were Standard errors of the sire evaluations will be the main basis for comparing procedures for first versus all lactation records; however, group standard errors decrease from only first to all lactation records. The addition of later lactation records reduced standard errors of the AI group solutions by 7 to 14% and of the NS group solutions by 20 to 24%. In addition, the effect number of sires, number of daughters, and number of records have on the standard errors can aid in forming sire groups.
Prediction Errors of Sire Evaluations
The main criterion for comparison of accuracy of the two alternative procedures is variances of prediction error of sire evaluations. The comparison of first only vs. all lactation records involves a subset of the data vs. all the data while the model remains the same. In this case variances can be derived directly from inverses of corresponding coefficient matrices. If the model changes from one procedure to the other, then the inverses might not yield the correct variances of prediction errors, and more effort would be required for a fair comparison of the variances under alternative models (4).
The model may appear different when only first lactations are considered because the cow effect, cfiikm , no longer is needed. Fortunately, there are two equivalent ways of expressing the model. One is described with equation [1] . With only first lactation records, cow and error effects are confounded entirely but may be left separate and processed as though all lactations .o Standard errors for sire evaluations were calculated as indicated in equation [7] with e e = 680 kg. Average standard errors of prediction = for sires falling in various categories based on ~" number of daughters per sire are in Table 7 . two procedures. One is based on the change in numbers of daughters required for evaluations of similar accuracy. The other is concerned with effect on genetic trend. An evaluation with 15 daughters per sire with all lactations gives nearly the same standard error as the evaluation with first lactations only of 25 daughters (Table 7) . Similarly, an all-lactation evaluation with 25 daughters has about the same standard error as a first-lactation evaluation with 40 daughters, so that perhaps one-half to two-thirds more young sires might be tested on the same number of cows with comparable variances of prediction error if all lactations were used instead of only first lactations. This benefit would accrue with no increase in generation interval since use of later lactation records increased accuracy of evaluation of young sires with only one record per daughter nearly as much as for old sires with more than two records per daughter.
Expected Genetic Improvement
Expected genetic improvement may be a criterion to compare alternative strategies of evaluation. Comparison of expected genetic trends for BLUP evaluations requires simplifying assumptions. Sire evaluations would need to be normally and independently distributed with a single mean and the same variance of prediction error. These assumptions are probably reasonable for sires in contention for return to AI service following their initial proof. Any discrepancies from these assumptions probably affect both evaluation procedures in a similar manner, leaving the comparison of expected genetic trends valid.
The conventional equation for calculating expected genetic improvement per generation from truncation selection is given for selection index procedures as AG = rTIGGD where rTi is the correlation of the true genetic value with the selection index; D is the selection differential (height of ordinate of normal density function at truncation point divided by fraction selected); and o G is the additive genetic standard deviation. Then, under the assumptions, improvement in daughter production may be expressed as
As = r~sGsD
The correlation, r~s , is not readily available so the equation may be rewritten as: young sires to return to service. With the stud-year grouping used in this study and in the NEAISC, selection would be mostly within groups, and the sire variance V(~-s) would be appropriate. However, some decisions in selection are between sires in different groups. Error variance of these selections is reflected in V(~+~-s). Fortunately, the two values were nearly the same. Thus, for convenience error variances of Guernsey evaluations in Table 7 were substituted for V(~-s) in [81 to compare expected genetic progress for first and all lactations as in Table 9 Another important selection is the choice of sires and maternal grandsires for special matings to obtain young replacement sires. This selection is from all sires with semen available, including young, old, and dead sires, sires with few daughters, and sires with thousands of daughters. That is, selection is across genetic groups and involves unequal information on sires. This poses a problem for comparison of expected genetic progress from the two evaluation procedures. However, this selection normally will involve sires with as many or more records than the young sires selected for return to service. Table 9 shows that as the number of Table 9 indicate that maximum increase in expected genetic progress is probably between 3 and 10%.
The prediction of additional progress in Table 9 is based on the assumption that there is no bias introduced by later lactation records. Major sources of bias would be incorrect age factors, preferential treatment, and selection bias due to use of incorrect variance components. The most serious effect of these biases is on the comparison of young sires with older sires. While most selection tends to be within an age group (e.g., selection of young sires to return to service), there is some competition between age groups. Errors in age factors also affect selection within an age group. Daughters of some young sires may be compared with mostly first lactation records while daughters of other young sires may be compared with mostly later lactation records.
It is difficult, if not impossible, to determine the amount of bias in analyses of field data. However, some indication is possible in the present situation where the first lactation procedure is presumed unbiased. When later lactation records are included, changes from first lactation evaluations in various categories of sires is interpreted as an indication of bias. Keown et al. (5) studied trends in the sire evaluations. Including later lactation records caused young sires that entered service in 1967 to be biased upward 226 kg in Guernseys and 192 kg in Jerseys as compared to sires that entered service in 1950. Further, sires with more than two records per daughter were biased downward by 103 kg in Guernseys and 82 kg in Jerseys relative to sires with only one lactation per cow when additional records were used. In this study, the records had been age-season adjusted with an older set of age factors. Much of the bias could be attributed to these age factors and would be reduced greatly by improved age-season factors, e.g. (7) . However, these results serve to indicate that biases may exceed the standard errors for many sires. Even with considerable care in estimating age-season factors and variance components, errors will occur and give rise to biases in sire evaluations when later lactation records are used.
On the whole, there appears to be value in using later lactation records if computing costs do not become prohibitive. Experience in this study indicates that computing costs are likely to be between 3 and 10 times the cost of using only first lactation records. It would appear desirable to run sire evaluations periodically, once every year or two, using only first lactation records to evaluate possible biases that may arise. Both first and all lactation evaluations could be published, making their strengths and weaknesses known. Even if the evaluations by first records only are not published, they would be helpful to AI studs for selective matings.
